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OF SEVERAL PROPELLERS ON YP-47M ATRPLANE
AT HIGH BLADE LOADINGS
V ~— CURTISS 836-14C2-18R1 FOUR-BLADE PRO]E;ELI_ER

By Martin J. Sasrl and Lewls E. Wallner

SWHARY

An altitude-wind-tunnel investlgation has been made to deter-
mine the performancs of a Curtiss 836-14C2-18R1 four-blade propel-
ler on a YP-4TM airplane at kigh blade loadings and high engine
powers. The study waa made for a range of powsr coefficients from
0.10 to 1.00 at free-stream Mach numbers of 0.30, 0.40, and Q.50.
The resulis of the force measurements Indicate primarily the trend
of propeller efficiency for changee in power coefficient or
edvence-digmetver ratio, inasmuch as no correchtions for the effects
of tunnel-w=ll constriction on the ‘installation were applied.
Siipstream surveys are presented to illustrate blade thrust losad
. distribution for several opera.tirig conditions.

For the range of advance-d*ameter ratios investigated at a
free-stream Mzch number of O. 30, ‘higheat efficiemncies were obtalned
at power coefficienta from 0.10 to 0.30 and flow breakdown was
evident for power coefflcients above 0.40.

‘The maximum efficiencies at a free-stream Mach mumber of 0.40
were. obtained for power coefficients from 0.20 to 0.40, belween
advance-diameter r&tios of 1.50 anfl 3.10. The anvelope of the
efificiency curves decreased about 15 percent between advance-
dilameter ratios of. 2 20 and 3.8C. ° T

At a free-stream Mach number of 0,50, meximum efficiency in
the low range of advance-diameter ratios was obtalned for a power
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coefficlent of 0.3G, and In the high range of advance-diameter ratios
at a power coe;:ic*ent of 1.00. There wag about a 4 percent decrease
in the envelope of the e’ficiency curves between asdvance-diameter
ratios of 2.20 and 3:60.

INTRODUCTION

An investigetion of the performance of several propellers on
the YP-4TM alrplanse at. high blade loadings has been canducted in
the Cleveland altitude wind tumnel at the request of the Air Materiel
Command, Army Alr Forcea. As part of the program, a study was made
of & Curtiss 836-14C2-18R1 four-blade propeller.

The investlgation was made for a range of power coefficients
from 0.10 %o 1.00 at free-streem Mach mumbers of 0,30, 0.40, ard 0,50
for density altitudes fram 10,000 to 45,000 feet, engine powers from
150 to 2500 brake horsepower, and for englne speeds fram 1000 to
2900 rpm. -

The propeller efficiencles were obltained from force measurements
and the blade thrust load distribution was obtained by two dismet-
rically opposed slipetresm survey rakes as in references 1 to 4.

FROPELLER AND POWER PLANT
A description of the propellier and the power plant is as follows:

Propeller K - — L N
Blade deslgn . . « « « « « & ' Curtigs 836-14C2-18R1
Number of Blades « o ¢ & ¢ o s ¢ ¢« s-37¢ o w v 5 ¥ &« v o « » ¢« four
Blade sections + « « « & « « 1 . . NACA 16 serlea
Propeller diameter . . + « o+ « o & + oo » o« » « o « 13 feot, O inch
Activity factort , . . . , . " ) R -
Progeller gear. ratlo . . .« 4 o . . s o . e 20:9

Engine « » « o o « 5 & %5 ¥ « 5 5 o s o o o o s o « o +'e « R-2800-T3
War emergency power rating:

Engine speed, rmm . . . .
Manifold pressure, in. Hg
Brake horsepower ., . « s« o
Military power ratlng: : )
Engine Speed, TTHM o+ « « o ¢ & ¢ ¢ v « o o « ¢ o = o o o « o 2800
Manifold pressute, inc Hg . v v o o JUVTV I 0 eV e e . . B3.5
Brake BOYBOPOWSE v, . 4+ « o o o o s o s = o s« o = s » o« o & « 2100
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Rormal power rating:
Engine speed, rmn . . . e 2 o s s o e e « v a s s e s a s = 2600
Menifold pressure, in. Hg @ * e + s s & s s s e o s s o s s o 41.5
Brake horSeDOWeZ . v - o o o o o 2 o ¢ o s &« « s 5 s s &« o« o 1700

1The actlivity factor is s nondlimensionsl function of the propellsr
plan form deslgned to express the integrated capacity of the
rropeller blade elements for absorbing power (reference 1).

The propeller blade-form characteristics are given In figure 1.
A vhotograph of a Curbtiss 836-14(02-18R1 propeller blade is shown In
Tigure 2.

APPARATUS AND METHODS

The assembled propeller as installed on the YP-4TM airplane in
the 20-foot-dlameter test section of the altitude wind tunnel is
gonown in figure 5. A description of the other equipment is given
in reference 1.

The inveatigation was made for a range of power coefficlents
from 0.10 to 1.00 atv free-stream Mach numbers of 0.30, 0,4C, and
0.50. Density altltndes from 10,000 to 45,000 feet were simulated
for a range of engine powers from 150 to 2500 brake horsgepower and
engine gpeels from 1000 to 2900 rpm.

REDUCTION OF DATA

The method of data reduction was the same ss that described in

reference 1. The force neasurements were analyzed in terms of the

variation of the propeller efficiency 1 with the propeller power
coefiicient Cp and the advance-diameter ratio J, These quantities

were comzuted from the following equations:

where

D propeller diameter, feet

n propeller rotational speed, revolutlons per second
P engine power, foot-pounds per second

o free-stream density, slugs per cublc foot
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where .

v free-gtream velocity, feet per second

Cp J
N = ez

Cp

The propeller thrust coefficient Cp 1In the efficlency formula was
defined as

: T

C =

T pnzl)4
where

T propeller thrust, pounds

Propeller tip Mach number My was cobtained from the squation

2
My = Mg 1+(§)
where

My free-gtream Mach number

The slipstream surveys were presented as plots of the total-
pressure differential Hy - Hg against the sguare of the radius

ratio (rs[R) where

H, free-stream total pressure, pounds per square foot

Hy total pressure at survey pp}nt, pounds per square foot
R propeller radius to tip, inches

g radial distance from thruet axls to survey point, inches
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RESULTS AND DISCUSSION

The results of the force measureaments are primsrily of value
in showling the. trend of propeller efficiency for changes in power
coefficlient or advance-dismeter ratio. The absolute efficiency
values are queatiomable because an average drag coefficient for the
lnatallation was used for all the propellers investigated. Data
obtained et diflerent free-stream Mach numbers are not comparable
because correchions for tunnel-wall constriction effects, which vary
vith airspeed, have not been applied. (See reference 1.) Slip-
gtream surveys are nresented to illusirate the Blade thrust load
digtribution for several operating conditions. ’

Free-gtream Mach number, 0.30. - The effect of afvance-diameter
rat¥o on the propeller efficiency at & free-stream Mach number of
0.30 is shown in figure 4 for a ronge of power coefficientes from
+ 0,10 to 1.00. The variation of propeller efficiency with power
coefflicient is shown in figure T far approximately constant values
of advance-diameter ratio. For the range of advance-diosmeter ratlos
investigated, highest efficiencies were obtained at power coeffi-
clents from 0.1Q to 0.30. In gensral, large reductions in effi-
clency due to filow breakdown were evident at power cocefficients
above 2.40. (See figs. 4 and 5.)

The effect of power coefficient on the blade thrust losd dis-
tribvution is sghown by the sliipstream surveys in flgure 6, which
correspand to the conditiona of figure 5 for J=1.00. The blade
ihrust loading wadg relatively low and wmiformly disiributed over
the blede span for a power coefficient of 0.10. (See fig. €(a).)
£n increase in power coefficient from 0.10 vo 0.30 increased the
thrust_loading ccnsiderably end the maximum thrust was obteined at
(rg/R)" = 0.65, or at about 8D percent of the blade span. (See
Pigs. 6{b)} and 6(c).) The over-all thrust loading increased with a
change *u power coefficient from 0.30 to 0,.40. The maximum load
however, shifted inboard to (¥g/R)% = 0,50, indicating that flow
breskdown occurred on the tip sectiona. (See fig. 6{d).) Thise
Tlow breakdown, which could be attributed to a combination of stall
and compressibility effects, became morc prominent as the power
coefficient was increased from 0.40 to 0.68. (See figs. 6(e)
to 6(g).}

The difference between the right and the ieft surveys was
aepparently due to a slight inclination of the aspproaching air
stream to the thrust axls. (See reference 5.)
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The effect of advance-diameter ratico on the blade thrust load
distribution is shown by slipstream surveys in figures T and 8,
which correspond to the conditions of figure 4, for power coeffi-~
clente of 0.20 and 0,40, respectively. At a power coefficlent of
0.20, & rsductlon in advance-diameter ratioc from 2.00 to 1.32
(fizs. T(a) to 7(c)) increased the over-all thrust loading consider-
ably. When the advance-diameter ratlio was decreassed fram l.32 to
1.00 (figs. T7(c) and 7(d)) there was a reduction in over-all thrust;
however, this reduction in thrust loading was due to the higher
altitude and lower engine power at which the advance-diameter ratioc
of 1.00 was obtained, At a power coefficient of 0.40 (fig. 8), a
change in advance-diameter ratio from 2.04 to 1l.16 resulted in a
more rapid increase of thruset loading on the outboard sections than
on the inbosrd sections. A further change in advance-diameter ratio
from 1,16 4o 1,01 increased the over-all thrust loading, and flow

breakdown beceme evident on sections outboard of (rs/.R)z & 0,55.

Free~ptream Mach number, 0,4C., - The effect of advance-diametor
ratio on the prepeller efficiency at a free~stresm Mach number of
0.40 1s shown in flgure 9 for a range of pawer coefficlents from
0.10 to 1,00, The variation of prupeller efficiency with power
coefficient 1s shovm in figure 10 for approximately constant values
of advance-diamebter ratio,

Highest efficiencies were obtained at power coefficlients from

0.20 to 0.40 at advance-diamever ratios fram 1.50 to 3.10. The
envelope of the efficlency curves decreased about 15 pesrcent between
advance-dlameter ratios of 2.20 and 3.80. (See fig. 9.} As the
power coefficient wes increased, the peak efficlency occurred at
generally increasing valuea of advance-dlamster ratio, In the low
renge of advance-diameter ratios large reductions in efficiency due
to blade stall were evident at the nigh power coefficients. For

xample, at an advance-diameter retio of 1,70, a change in power
cogfficient from 0.60 to 0.70 regulted in a 24-percent reduction in
propeller efficiemcy. :

Trte effect of power coefficlent on blade thrust load dlstri-
bution 1s shown by the slipstream surveys in figure 11, which corre-
gpond to condltions of figure 10 for J=a1.70. The blade thrust
load distributions were similar for power cdoefficients fram 0.10 to
0.60, and the maximum loading occurred on sections at about
(rg/R)2 = 0.70, (See figs. 11(a) to 11(e).) Blade stall was evi-
dent at power coefficients of 0.71 and 0.92. (See figs. 11(f)
and 11(g).) The magaitudes of the thrust loadinge shown in fig-
ure 1l cannot be compared, inasmuch as the surveys were obtained at
different density altitudes.
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Blade thrust load distribution curves, which correspond to ths
conditions of figurs 9 for power ceoefficients of 0.30 and 0.70, are
presanted in figures 12 and 13, respectively. ALt a power coeffi-
cient of 0.30 and an advance-dismeter ratio of 3.00, the thrust
loeding was uniformly distributed over the blade span. (See
£ig. 12(a).) As the advance-diameter ratio was decreased fram 2.36
to 1.67 (figs. 12(b) and 12(c)), the thrust loading increzsed more
rapidly on the tip sectlons than on the inboard sections. Compress-
ibility losses becsme evident on sections outboard of (rg/R)Z=0.65
at an advance-dlsmeter ratio of 1.38, whickh corresponds to a tip
Mach number of 0.98. (See fig. 12(d).) A%t a power coefflcient of
0.7l and an advance-diameter ratio of 3.85 (fig. 13(a}), the thrust
loading wes slightly greater on the inboard sections than on the
tip sectione, However, as the advance-diameter ratio was reduced
from 3.85 to 2.09 the thrust loading on the tip sections Incresgsed
more repidly than on the inboard sections. (See figs. 13(a)
to 13(c).) When the advance-éiameter ratic was further reduced
to 1.66 and 1.5C, blade stall becsme evident on sectlons ocutboard
of (rg/R)Z = 0.45, and the loading on the inboard sections
increased. (See figs. 13(d) and 13{(e)}.)} The angle of attack at
which the stall occurred was probably reduced by the high operating
tip Mach number. (See reference £.)

Free-strezm Mach mumber, 9.50. - The effect of advance-
dlameter ratio on the propeller efficiency at a free-stream Mach
nuaber of 0.50 1s shown in figure 14 for power cocefficlents from
.10 o 1.00, The varlgtion of propeller sfficiency with power
coefficient is shown in figure 15 for approximately constant values
of advance-diasmeter ratio.

Maximum efficiency In the low range of advance-dlameter ratio
was obtained for a power coefficient cf 0.30, and in the high
range of advance-dlameter retlo for s power coefilcient of 1.0G.
Between advance-dismeter ratios of 2.20 and 3.60, there was a
decrease of about 4 percent in the envelope of the efficiency
curves. ({(See flg. 14.) The advance-diameter ratic for peak effi-
ciency increesed generally as the power coefficient was increased
(Tig. 14). .

The efTect of power coefficlient on blade thrust loed distri-~
bution 1g shown in figures 16 and 17, wnich correspond to the
conditions of figure 15 for advance-digmetsr ratios of spproxi-
mately 2.20 and 4.30, respectively, AL an advance-dismeter ratio
of 2.20, the thrust loading was slightly greater on the tip sec-
tions than on the inboard secilons, and the loading increased
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uniformly over the blade as the power coefficient was increased from
0.10 to 0.41. (See figs. 16{(a) to 18(d).) At a power coefficient

of 0.60 a slight reduction in thrust loading, resulting from compresa-
1bility effects, ocourred at sections beyond (rg/R)Z = 0.60. (See
fig. 16(e).) 'The blade thrust loading for an advance-diameter ratio
of approximgtely 4.30 was uniform and similar for power coefflclents
from 0.51 to 1.03. (See fig. 17.)

Slipstream surveys for a range of advence-diameter ratlos are
shown in figures 18, 19, and 20 for power coefficlents of approxi-
mately 0.20, 0.60, and 1.00, réspectiveliy. At a power coeffilcient of
0.21 end an advance-dilameter ratio of 3.45 (fig. 18(a)), the thrust
loading on . the inboard gectione was slightly higher than, on the tip
gections. However, as- the advance-diameter ratlo was reduced to 2.26
(figs. 18{b) and 18(c)), the loading on the tip sections increased
more rapldly than on the inboard sectlons. At an sdvance-dismster
retlo of 1.78, which corresponds to a tip Mach number of 1.02, cam-
prossibility losses were evident on seciions outboard of
(rg/R)% = 0.50. (See fig. 18(d).) At a power coefficient of (.60,

a change in advance-diasmeter ratio from 4.30 to 2.25 (figs. 19(a)

to 19(e}) resulted in s shift of the maximim thrust loading fram the
inboard sectlons to the tlp secticons. Compressibility effects were
evident on sections beyond (rs/‘.R)2 = 0,72 at an advance-dlameter
ratio of 2.16 and a tip Mach number of 0.89 (fig. 19(f)}). A further
decrease in advance-dlametsr ratio to 1.70, which corresponds to a
tip Macn number of 1.01, resulted In campressibllity efiects as far
inboard as (rg/R)% = 0,50, The blade thrust loading increased, but

the load distribution remalned uniform for the range of advance-
diameter ratica investigated at s power coefficient of 1.00. (See
fig. 20.)

SUMMARY OF RESULTS

Because corrections for tunnel-wall conpstriction have not been
applied, the propeller efficlencies presented in this report are
useful primarily in showing the comparative effects of blade loading
on propeller performance. The investigation in the altitude wind
tunnel of the performance st high blade loadings of a Curtiss
836-14C2-18R1 four-blade propeller on a YP-47M alrplane indlcated
that:

1, For the range of advance-dlameter ratios investigated at a
free-gtream Mach number of 0.30, highest efficienciss were obtalnsd
at powsr coefficlemts from 0.10 to 0.30 and flow breskdown was
evident for power coefficlents above (.40,

o
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2. Highest efficlencies at g free-stream Mach number of 0,40
were obtained for power coefficients fram 0.20 to 0.40 at advance-
diemeter ratios from 1.50 to 3,10. The envelope of efficisncy
curves decreased about 15 percent between advance-dlameter ratlos
of 2.20 and 3.80.

3. At a free-gtream Mach number of 0.50, maximm efficiency in
the low range of advance-dismeter rgtios was obtained far a power
coefficient of 0,30, and in the high range of advance-diameter
ratios av a power coefficient of 1.00., The envelope of the effi-
clency curves decreased about 4 percent between advance-diameter
ratlos of 2.20 and 3.60.

4, In genersl, velow the stall the local thrust loading was s
maximum oun the tip sections at the low advance-diameter ratios and
& maximm on the Inboerd sections et the high advence-diameter
ratiog., As stall developed at the blade tips the maximum thrust
loading shifted towsrd the inboard sections of the blades.

Alrcraft Engine Research Laboratory,
National Advisory Coammittee for Aeronsutics,
Clevelsnd, Ohio.

Martin J. Saari,
Aeronsutical Englineer,

\:!s”:_u~L¢ T Woallvar
Lewlis E. Wallner,
Mechanlicel Engineer,

Apvroved:
Alfred W. Young,
Mechanical Inglineer,

Abe Silverstein,
Aeronautical Engineer,
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 INDEX OF FIGURES

Figure 1. - Blade-form curves for Curtiss 836~14C2-18R1
four-blade propeller. b, section chord; D, diemetser;
h, section thickness; - R, redius to tip; r, section

TAAIUB ¢ & e« ¢« o 5 ¢ s s a2 @ e 2 6 s s v s s & 8 e @

Figure 2. - Curtiss 836-1402-18RL propeller blade. . . .

Figure 3. ~ Front view of YP-47M airplane with Curtiss
836-14C2~18R1 four-blade propeller installed in
altitvde-wind-tuwnnel teat gection, . . « ¢« . ¢« ¢ ¢ « &

Flgure 4. - Charactueristics of Curtise 836-14C2-18R1
four-blade propeller on YP-47M airplane at free-stream
Mach numberr M, of approximately 0.30 . . « . + « & &

Figure 5. ~ Effect of power coefficlent Cp on
propeller efficlency v &t constant advance-
diameter ratioc J and free-stresm Mach number Mg
of approxinmstely 0.30. Curtiss 836-14C2-18R1L four-
Dlade PIYOLEILAYe v ¢ + « 4 = o « o o ¢ = 2 » o a 5 & =

Figure 6. - Effect of power ceoefficlent Cp on blade
thrust load distribution at advance~dliameter ratio J
of approximately 1.00 and free-stream Mach number My
cf approximately 0.30. Cwurtisa 836-14C2-18Ri four-
blade propeller.

(a) Cp, 0,10; J, 0.93; My, 0.28; Mg, 0.94 . . . . .
(v} Cp, 0.20; J, 1.00; Mo, D.29; Mg, 0.94 . . . . .
(c) Cp, 0.30; J, 1.00; My, 0.29; Mg, 0.94 . . . . .
(4) Cp, 0.40; J, 1.01; My, 0.29; Mg, 0.94 . . . . .
(e} Cp, 0.49; J, 1.05; My, 0.28; Mg, 0.88 . . . ..
(f) - Cp, ©.59; J, 1.09; My, 0.28; My, 084 . . . . .
(g) Cp, 0.68; " J, 1.11;' My, 0.28; My, 0.85-, . . . .

11

Page
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F-7
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F-8
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Page

Figure 7. - Effect of advance-dismeter ratic J on blade
thrust load distribution at power coefficient Cp of
approximately 0.20 end free-stream Mach number M, of
approximately 0.30, Curties 835-14C2-18R1 four-blade
nropeller. . o o
(a) Cp, 0.20; "J, 2.00; My, 0.29; Mg, 054, ... .. .. F-10
(p) Cp, 0.20; J, 1.59; My, 0.29; My, 0.65 . + + « « . « » F-10
(¢) Cp, 0.19; . J, 1.32; Mo, 0.30; Mg, 078 & ¢ & & o & o o F-11
(d) Cp, 0.20; J, 1.00; Mg, 0.29; Mg, 0.94 . . +» . + + « « F-11

Figure 8. ~ Effect of advance-diameter ratic J on blade
thruat. load distribution at power ceefflcient Cp of
approximately Q.40 and free-gsbtream Mach numbsr My, of
apsroximately 0. 50. Curtiss 836 14C2-18R1 four-blade
propeller, : R
(a) Cp, 0.39; J, 2. 04, MQ, O aO Mt, O 55 e« « a » o F-12
(b) Cp, 0.39; J, 1.16; Mg, 0,28; Mg, 0.82 . .'. e v s o o ¥-12
(c) Cp, 0.40; J, 1.01; M, 0.28; Mg, 0.94 . . . .« « . « F-13

Figure 9. - Characteristics of Curtisa 836-14C2-18R1l four-
blade propeller on YP-4TM alrplane at free-stream Mach
number M, of approximately 0.40. . . . . e e e e e s 4 o o F-l4

Figure 10. - Effect of power coefficient Cp on propeller
efficlency n at constant advance-dlameter ratioc J
and free-stream Mach mumber M, of 0.40, Curtiss _
836-14C2-18R1 four~blade propeller . « + « s « + o o « o o « F-15

Figure 11. - Effect of power coefficlent Cp on blade
thrust load distribution at advance-diameter ratio J
of approximately 1.T70 and free-stream Mach number Mg
of approximately 0.40. Curtiss 836-1402 1531 four—
blade propeller, '

(&,) CP-’ 0 lo J-", 1'66; _I‘{O’_O.Sg;Mt, 0‘84 * e 8 s e & s o F-ls
(b) Cp, 0.30; J, 1.67; Mg, 0.40; Mg, 0.84 . . . ... . .F-16
(0) CP, 0-39, J, 1.72; bd(), 0.39} Li‘t, 0-81 ¢« o @ @ c ¢ e o F"]-T
(4) Cp, 0.50; J,71.86; Mo, Ce39; Mg, 0.83 . . . . . ¢ . . F-17
(e} Cp, 0.80; J, 1.73; My, 0.39; My, 081 . ... ... .F-18
(f) CP, O.Tl; J, 1165; MO) 0-37; b‘{t; 0.80 ¢ & v e « s oW e F-18
(g) Cp, 0.92; J, 1.68; My, 0.38; Mg, 0.80 . . . . « . . . F-19
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Figure 12, - Effect of advance-diameter ratio J aon
3lade thrust load distribublon at power coefficient Cp

of approximately 0.30 and free-stream Mach number M,
of spproximately 0,40. Curtiss 836-14C2-18Rl four-
plade -propeller. '

(&) Cp, 0.30; J, 3.00; M,, 0.40; Mg, 0.58 . . . . .
(b) Cp, 0.36; J, 2.36; My, 0.40; Mg, 0.67 « « « = «
(c) Cp, 0.29; J,-1.67; Mg, 0.40; My, 0.84 . . . . .
(d) Cp, 0.30; J, 1.38; Mgy, 0.39; Mg, 0.98 . & . . .

Figvre 13. - BEffect of advance-dismeter ratio J on
Dlade thrust lozéd distribution at power coefficlent Cp

of approximately 0.70 end free-gtream Mach number M,
of approximstely 0.40. Curtiss 835-14C2-18R1 fouwr-
blade propellsr,

(a) Cp, 0.71; J, 3.85; My, 0.39; Mg, 051 . . . . .
(r) Cp, 0.69; J, 2.78; Mo, G.4C; Mg, 0.60 &« - « «
{c) Cp, 0.70; J, 2.02; Mo, 0.39; Mg, 0.70 ¢ « & + &«
(d4) Cp, O.TL;- J, 1.68; Mg, C.3T; Mg, 0.80 « 4 < 4 &
(e) Cp, 0.70; J, 1.50; My, 0.28; Mg, 0.89 « « « « &

Figure l4, - Charecteristice of Curtiss 836-14C2-18R1

Tour-blsde propeller on YP-4T7H alrplane at free-
gtream Mach number M, of approximately 0.50. . . . .

Figure 1S. - Effect of power coefiiclemt Cp on

rrareller efficiency 17 at constant advance-dliameter
ratic J and free-stream Mach number Mg of approx-
imately 0.50. Curtiss 83€-14C2~18R1 four-blade '
DIrOPELIBT. « o ¢ 2 o« & o € o 2 4 2 s a 0 0 s s & 5 & =

Figure 1l5. - Effect of power coefficient Cp on blade

thrust load distribution at advance-diameter ratic J

of apprcximately 2.20 and free-stream Mach number Mg

of approximately 0.50. Curiiss 8356-14C2-18RY four-
lede propeller,

(a) Cp, 0.10; J, 2.23; My, 0.50; Mg, 0.86 « « . . .
{b) Cp, 0.20; J, 2.26; Mg, 0.51; My, 0.87 « ¢ o « &
(c) Cp, 0.30; J, 2.24; My, 0.50; Mg, 0.86 « « « o
(&) Cp, 0.41; J, 2.23; Mo, 0.5G; Mg, 0.87 v + o . .
{e) Cp, 0.80; J, 2.16; Mo, 0.51; Mg, 0.89 & + & + &
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igure 17. - Effect of power coefficient Cp on blade
thrust load distribution at advance-diameter ratio J
of approximately 4,30 and free-siresm Mach number Mg
of gpproximately 0.50. Curtiss 835-14C2-18RL four- '
blade mropeller. ) -

(a) Cp, O51; J,°4.26; Mg, 0.50; Mt, 062 . . « . + « . « F-28
(b) Cp, 0:.62; J, 4.30; Mg, 0.50; Mg, 0.62 « o « » + + - - F-28
(c) Cp, 0.72; J, 4.31; Mo, 0,50; M, 0.63 o o o o o o« . o F-28
() Cp, 0.82; J, 4.33; Mg, 0.51; Mg, 0.62 ¢ « v o« o« o « o« F-29
(e) Cp, 0.93; J, 4.34; My, 0.51; My, 0.63 . ¢« + + . « - « F-28
(f) Cp, 1.03; J, 4.32; My, 0.50; Mg, 0u62 « + v « o & » o F-29

Figure 18. - Effect of advance-dlameter ratio J on blade
thrust load distribution at power coefficient Cp of
approximately 0.20 and free-stream Mach number Mg of
approximately 0,50. Curtiss 836-1402-16R1 four-blade
propeller.
(a) Cp, 0.21; J, 3.45; My, 0.51; My, 0.68 ¢ v ¢ &« « « « « F-30
(b) Cp,.0.21; J,72.81; My, 0.5L; M, 0.76 « ¢ ¢ « « « » « F-30
(c) Cp, 0.20; J, 2.26; My, 0.51; Mg, O.87 ¢ « v v « « » « F-3
(d).CP, 0.20; J, 1.78; Mo, 0.51; Mg, T.0O2 ... .. .. .F-3l

Figure 18. - Effect of esdvance-dismeter ratic J on blade
thrust load distributiom at power coefficlent Cp of
approximately 0,60 and free-stream Mach mumber My of
approximately 0.50. Curtiss 836-14C2-18R1 four~bliade
prepeller.

(a) Cp, 0.62; J, 4.30; My, 0.50; Mg, 0.62 . . . . « « . o F-32
(v) Cp, 0.59; J, 3.43; My, 0.50; My, 0.68 . . . . . . . . F-32
{c) Cp, 0.55; T, 2.76; Mg, 0.50; My, 0.76 = ¢« v o« o » « « F-32
(d) Cp, 0.81; J, 2.36; Mo, 0.51; Mg, 0.85 « « ¢ o o o o o« F-33
(e} Cp, 0.60; - J, 2.25; My, 0.48; Mg, 0.85 . . . . . « + o+ F-33
(f) Cp, 0.60; J, 2.16; My, 0.50; Mg, 0.B9 . . . . . . . . F-34
(g} Cp, 0.59; J, 1.70; My, 0.48; Mg, 1.0L . . o ¢« o « « « F-34
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Figure 20. - Effect of sdvance-diameter ratio J on
plade thrust load distribution at power coefficient Cp
of approximstely 1.00 and free-stream Mach mumber My
of aprroximately 0.50. Curtiss 836-14C2-~18R1 four-
blade propeller,

(2} Cp, 1.03; J,
(¢) Cp, 1.02;
(a) Cp, L.0%;

.
w
V]

Mgs 0.50; Mg, 0.62 « « + o o « & o F=35
My, 0.50; Mg, 0.66 - « « . « « « « F-3F
Mo, 0.50; Mg, 0.688 ¢ « v ¢ o « & « F-36
Mgy 0.51; Mp, 073 « o o « o « « « P-36

H

L[]
B N
n (o
ey s e g

R
AV IRV IS

o
-



NACA RM NoO. E6J3

hg

1.0
«B8

o .6

ad

3

[\

| 1

w

[+ ]

[ ]

g .4

o

-l

o

-

1

@

-~

o

m .2
0

5

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
] X
\ \ i
i
.08 "
!
{
|
I \\\\\b/n
o .06 < //{///’7 ~.\\\“\
< \ / |
o : \
o - :
wd :
-+
g \\\\\\\ ) \\\
«04
5 r P
3 / j
¥ 7 i T~
% ' \_\
g.02 d
= N R
5 /o .
— ]
o]
0 cs 100

four-blade propeller,
h, section thickness;

.2

radius,

4 -6
Radius ratio, r/R
Figure 1l.- Blade—form curves for Curtiss 836-14C2-18R1

b, sectlon chord;
R, radius to tip;

60

50

40

30

20

10

D, dlameter;
r, section

Blade angle, ©, deg

-]

Design section 1ift coeffizient, cl



NACA RM No. E6J3I

- BT T
836-14C2-18Rl1
Figure 2. - Curtiss 836—;4C2~18RI propeller
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Figure 3. - Front view of YP-47M airplane with Curtiss 836-
14C2-18RI four-blade propetltler installed in altitude—-wind-
tunnel test sectioan.
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Figure 5,- Effect of power coefficient Cp on propeller efficlency n
at constant advance-dlameter ratio. J and free-stream Mach number M,
of approximately 0.30. Curtiss 836-14C2-18R1 four-blade propeller,
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of approximately 0,30, Curtlss 836-14C2-18R1 four-blade
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Figure 6.~ Concluded. Effect of power coefficient Cp on
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J of approximately 1,00 and free-stream Nach number M,
of approximately 0.30, Curtliss 836-14C2-18R1 four-blade
propeller, .
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mately 1.70 and free-stream Mach number M5 of approximately
0.40. Curtiss 836-14C2-18R1 four-blade propeller,
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Figure 11,- Continued. Effect of power coefficient Cp on
blade thrust load distribution at advance-diameter ratio J
of approximately 1.70 and free-stream Mach number M, of
approximately 0.40,. Curtiss 836-14C2-18R1 four-blade
propeller,
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0.30 and free-stream Mach number M, of approximately 0,40,
Curtiss 836-14C2~-18R1 four-blade propeller,
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Figure 12,- Concluded. Effect of advance—dlameter ratio J
on blade thrust load distribution at power coefficlent Cp
of approximately 0.30 and free-stream Mach number M of

approximately 0,40, Curtiss 836-14C2-18R1 four-blade
propeller.
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Figure 13.- Effect of advance~diameter ratio J on blade thrust
load distribution at power coefficient Cp; of approximately

0.70 and free-stream Mach number M, of approximately 0.40,
Curtlss 836-14C2-18R1 four-blade propeller,



NACA RM No. E6J431 Fo23

Total-pressure rise, H, ~ H,, 1b/sq rt

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

25
& O Left survey
20 % O Right survey
w
1L W5 2
7 BN

oH |- S

=10

(a) Cp, 0.71; T, 1.66; M

o» 0.37; W, 0.80,

20

15

10

~od. o Fuselage
o

-5

-10
01 05 .5

7 .9 1.1 1.7

(rs/R)Z

fe) Cps 0.70; J, 1.50; M., 0.38; ¥,, 0.89. ;

Figure 13,- Coneluded., Effect of advance—diameter pratic J on
blade thrust 1sad djstribution at power coefflelent <, of
approximately 0.70 and free-strearn Mach number ¥, of’
aporoximately 0,42, Curtiss E3E~1472-18R1 four-blade
propeller,



Propeller efficlency, T, percent

NATJONAL ADYISORY
CONMITTEE FOR AERQHAUTICS

1,00

.BO#—

e
v

T

/N

60

N

» RSN

20 -

VAANF APPSO OO

=osS S
"“7
/

pproximate
pgopeller

wer
coeP%icient
Cp
0.10
.20
«50
.40
.50
.50
.70
.80
.90
1.0

1/
/

e

0 -~

1.6 2,0 2.4 2,8

3.2

Advance—-diameter ratio, J

Figure l4,~ Characterlistles of Curtiss 836-14C2-1BR1 four-blade propeller on YP—47N
of approximately 0.50,

airplane at free-stream Mach number M,

5.6

4,0

4.4

"oN WH VIOVN

ters3

vZ—d



Propeller effisiency, mn, percent

NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

10

I~

{1
o

yd

VA

40#

r

Approximate
advance-

diameter
ratio
J

20

1,75
2.20

3.40
4,30

p¢aoo

D

0 o2 o4

8] 8

1.1

Propeller power coefficlent, Cp

Flgure 15.~ Effect of power coeffielent Cp
at constant advence-—digmeter retio . J and free—stream Mach number N,
of approximately 0.50, Curtlss 836-14C2-18R1 four-blade propeller,

on propeller efficlensy 1

*ON KH VIVYN

l£rol

gZ~4d



“ACA RM KO. EO6J3} ' ' . F-26

Total-pressure rise, Hg - H,, 1b/sq ft

O Left survey
D Right survey

1

\o\;ou\g Fuselige
5
T

»
S
Q
*d
-
o
°

10; J, 2.23; K

10

an

A}

m
:
|

-5
-10
(v} Cp, 0.20; J, 2.26; M,, 0.51; My, 0.87.
9
bt HO-O
o -
10 ) /dD/ ﬁ-ﬁ::ﬂﬁm—-
5 3 2 0:0.0—0—0'
: ﬁ -
oF o o
-5
NAT IONAL ADVISORY
COMMITTEE FOR AERONAUTICS
=10
1 ] «5 o7 .9 1.1 1.3
) (ro/R)2

(¢) Cp, 0.30; J, 2.24; Mg, 0.50; M., 0.86,
Figure 16,— Effect of power coefficient Cp on blade thrust

Joad distribution at advance—diameter ratioc J of approxi-
mately 2.20 and free-stream Mach number M, of avproximately

0.50, Curtiss 836-14¢2-18R1 four-blade propeller,

-



NACA RM No. E6J3I g F-27

Ny o $ o Left survey
otes < O Right survey
2ot H
=
[
15

$h
:
f

R )
H L=
U f
<
—
2P
=;o -10f :
) (8) Cp, 0.41; J, 2.23; My, 0.50; Mg, 0.87.
oY
o
o ' 0]
“4 e5 O
~
. o g:’ —O—‘WD\Q\
‘:-; 20 .3 /Er -
2 P d
<
@O . /j
[ 1 5 /
?' rel N
3 /
s 10 A
E~

5 \
' 2 _ Mo

]

-5
MAT IONAL ADV ISORY
10 COMMITTEE FOR AERONAUTICS
oL 3 .5 o7 o «9 1.1 1.3
(r./R)
. {e) CP’ 0.60; J, 2.16;3 M, 0.51; Mg, 0.89. _ .

Figure 16.— Concluded. Effect of power coefficlent’ Cp on

blade thtust load distributieén at advance-diameter ratio J
of approximately 2.20 and free-stream Mach number My, of

approximately 0,50, Curtiss 836-14C2-18R1 four-blade
propeller,



NACA RM No. E643|

Total-pressure rise, H_ - H, 1b/sq ft

;ﬁ*’atﬂﬁfﬁnT’fltrErt

= ﬁ:m
i
g
3
!
§

=5
-1
-,-ll:
(a) Cp, 0.51; J, 4.26;5 M,, 0.50; M., 0.62,
QU
sHa
o a =@ -t}—-—g:g:1
2 7ﬁf>c4>cH&cwo<#<r<rd-c»ca<>43- g:§i‘
o L~ &
-5 f
-10
-15
(b) Cp, 0.625 J, 4.30; M., 0.50; My, 0.62,
a
-]
o 12 o
O
E s;;c1yc<>CH017<r<rnr<>tr5;:519=5hq
0 -

Nl

10 NAT [ONAL ADVISORY
COMMITTEE FOR AERONAUTICS
-15
o1 .3 .5 7 .9 1.1 1.3
(r_/R)2
(¢) Cp, 0.72; J, 4.31; M., 0.50; M., 0.63,

Flgure 17.— Effect of power coefficient ¢ on blade thrust
load distribution at advance=diameter ratic J of approxi-
mately 4,30 and free-stream Mach number M, of approximately
0,50, Curtlss 836-14C2-18R1 four-blade propeller,



NACA RM No. E6J3| F~29

Total-pressure rise, H; ~ Hy, 1b/sq £t

g O Left survey
o ol O Right surve
e cr-‘ﬁaqzqq
5 P;;;c1ny°*>oﬂ7<><rtrcbo-shz=$;4§q
(¥ p;’ .

-5 ;],
-1
-15 )
{d) Cp, 0.82; J, 4,33; Mo, 0.51; Mg, 0,62,
)
&
5 3 L [ p—
§ (o) O
[ }'—'/c
0 4 -
-5
=10
«l5 .
{e) Cp, 0.933 J, 4.34; l(o, C.513 Kt, 0.63.,
&
5 = FoW (W mm = =L,
§ éf,ﬂtra ) =0
e,
0 ;FF’ |
-5
7
=10
NAT [ONAL ADY ISORY
e COMMITTEE FOR AERONAUTICS
i 3 .3 «5 .9 1.1 1.3

4 '7
(rg/R)2

(f) Cp, 1.03; J, 4.32; ¥,, 0,50; M., O.62.

Figure 17.— Concluded, Effect of power coefflcient on blad

thrust load distribution at advance-diameter ratio g of
approximately 4,30 and free-stream Mach number M, of
approximately 0.50, Curtlss 836-14C2-18R1 four—blade
propeller, . .



NACA RM NOo. E6UJ31

Total-pressure rise, H, - H,, 1b/sq £t

F-30

NATIONAL ADV ISORY
COMMITTEE FOR AERONAUT ICS
&0 O Left survey
3 ORight survey
3
[
5
H;cfyﬂﬂtf—{Lﬂi}fk——-.cu{chii:;:
1 = -
I
-10
(a) GP, 0.2 J, 3.45; Mo' 0,513 Mt’ OtGB.
@
ki
1%
w
=
L
5 {j}‘agjnll {ﬂ " g P
Fd 0-0—0'-0'0'1 (o]
0 ? -
-5
=10
«l 3 5 1.1 1.3

7
(rg/R)2
(b) Cp, 0.21; J, 2.81; M,, 0,51; M, 0.76.

Figure 18,- Effect of advance—diameter ratlioc J on blade thrust
cad distribution at power coefflcient C of approximately

0,20 and free-stream ¥ach number M, of approximately 0,50,
Curtiss 836-14C2~18R1 four-blade propeller,



NACA RM No. E6J3I ' ' F-31

Total-pressure rise, Hy - H,, 1b/sq It

RAT TONAL ADYVISORY
COMMITTEE FOR AERONAUTICS

Oleft survey
ORight survey

F'udelag{

5 Oo LY o—C
‘°o

=10

(c) Cp, 0.20; J, 2.26; ¥,

0.51; M., 0.87,
¢

Fuseglage

18 g"
1 4 ;‘fj%%
o

-]

-10
el 3 5

o7 N 1,1 1.3

(r /R)2

(4) CP’ 0.20; J, 1.78; M, 0.51; M., 1.02.

Figure 18,— Concluded, Effect of advance~dlameter ratio J on
blade thruat load distribution at power coefficient Cp of
approximately 0.20 and free—-stream Mach numbter M of
approximately 0,50. Curtiss 836-14C2-18R1 four—blade
propeller, - '



Total-pressure rise, Hy - Hy, lb/sq ft

NACA RM No. E6J3 | ' F

32

NAT LONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

-O Left survey
O Right survey

R s e —
cr<><>k><3—<F<>ﬂo-<r~°h-o—<>-,§:¥§

tn
|
Pugdelags
|

;
:

Co S e—

os 0.50; M., 0,62,

-10

pr 0.59; J, 3.43; M_, 0.50; My, 0,68.

15

10

FuseYage
1|

\\Hl‘ck _
o

-5
=10 .
'1 .3 .5 I7 2_ ..9 1.1 l.s
- (rg/R)<-

(¢) Cp, 0.59; T, 2.76; MN,, 0.50; My, 0.76.

Figure 19,— Effect of advance—diameter ratic J on blade thrust
load distribution at power#®coefficient Cp of epproximately
0.60 and free—stream Mach number M, of approximately 0,50,
Curtiss 836-14C2-18R1 four-blade propeller, ~ :



NACA RM No. E643I F-33
Y O Left survey
20 % . o O o— o O Right survey
A
3 - L0510~
15 L= < olo
U= 0

10 2.

0 #r

& Sy

[~
3 10

= (@) Cp, 0.61; J, 2.36; M, 0.51; M., 0.85.
=O

t

o 25

=

@ 20 e s sl i e =
o=t

. o ,(/5} <r<rcrcr1;??1>\ A\
£ 15p4et e R

w @

@ 3 41/41 \
£ 10 A

[~

—t

]

-

£ 0

T NN

o} /[ v < He—
-5
NAT IONAL ADV ISORY
10 COMMITTEE FOR AERONAUTICS
o1 ] I . 1.1 1.3

.7
(rs-/R)2
{e) Cp, 0.60; J, 2.25; My, 0.48; ¥, 0.83.

Figure 19.— Continued. Effect of advance-dlameter ratio J
on blade thrust load distribution at power coefficient Cp
of approximately 0.60 and free—stream Mach number M of
approximately 0,50. Curtiss 836-14C2-18R1 four~blade
propeller,
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